Abstract: This article shows the results of the project Empowering conditions for good water governance-a sustainable model: Vilanculos case study (Mozambique), co-financed by the European Community. This project had the aim of improving sanitary conditions and increasing economic and financial sustainability of water services for the population of Vilanculos. The project has been developed and deployed with cooperation between Acque del Chiampo (an Italian water utility, near Vicenza), the University of Brescia and the Vilanculos public water service utility, Empresa Moçambicana de Agua (EMA). The paper reports analytical praxis for water distribution measurements, capable of providing essential data about the water network performances, to assess the eventual need for actions in order to solve possible and effective problems of the water service. These practices involve flow and pressure analyses, pinpointing of the network's criticalities and leakages by in-situ inspections along the network, managing the valves together with water service utility, as well as the use of a water distribution model to simulate the effects of the proposed interventions and specific software to automatically register bills and payments.
Introduction
As a long term commitment, the Government of Mozambique agreed on the Millennium Development Goals, stating that by 2015 safe water supply and improved sanitation would be brought within the reach of at least half of those who still didn't have access to those basic services at the start of the new millennium. In order to achieve that goal, in 1997 the Government and the World Bank designed the first National Water Development Program (PNDA Program Nacional de Desenvolvimento do sector de Aguas) for some strategic cities of the country, among which also Vilanculos, in the Inhambane Province (Fig. 1) .
The city of Vilanculos has been a fundamental objective for the Mozambique Government, because of its high touristic industry. In 2006, the management of the system was entrusted through public tender. By contract, the private operator shall provide full handling and maintenance services for all the infrastructures, metering the incoming and distributed water as well as paying for energy costs; as a reward it will receive the water bill directly from consumers.
The financial sustainability is the main problem which affects the water system in Vilanculos. Today the operator is not able to fulfil both technical and administrative management of water distribution and also does not have the tools to monitor payments from customers. Furthermore, people are not used to paying for water and often people cannot pay, due to poverty. Moreover, the operator is incapable of both tracing illegal connections to the network (presumably to be many), and facing problems related to these bad practices, such as low pressure and poor water quality. For these reasons, the objectives of this project are to improve sanitary conditions of the population of Vilanculos and increase the economic and financial sustainability of water services. Thus, the project aims to obtain the following goals: make improved and strategic planning of water use; increase managerial capacity to deal with water supply in a sustainable way; develop the ability of local technicians to improve water safety; increase local community awareness of the operation of water services.
The goals will be reached implementing the following activities, carried out by the partners of the project:
to transfer know-how about management skills, was selected according to the health risk scale proposed by the WHO ( Table 1 ). The water supplied by the distribution network is not safe for drinking, despite the fact that the deep wells where EMA procures water from are free from bacteria.
The contamination of the water, therefore, takes place along the network and this is due to the lack of an adequate disinfection system, to breakage along the existing network itself and to the fact that in many 
Bacteria
Health risk 0 none 1-10 low 11-100 average 101-1,000 high > 1,000
Very high parts the supply is not continuous over 24 hours. This means that the pipes are not under pressure and the water is more prone to contamination by pollutants present in the soil. The rest of the population, not connected to the aqueduct, uses traditional wells to draw water. These aren't managed and controlled by an Authority and the water quality is hazardous.
Several on-site inspections were performed during December 2012, September 2013 and June 2014 by UNIBS personnel.
Within the project for the Vilanculos water system, a revision of all the information on the network has been carried out and an updated map, with coordinates and elevations of nodes, is now available for consultation (Fig. 3) .
For each element of the water network, an evaluation of characteristics has been carried out, such as pipe diameter and material (Table 2) , location and time control of valves, as well as daily management of pumps and tanks and their properties (Fig. 7 ).
Water Service Monitoring
Within this project, an appropriate methodology has been adopted to monitor the Vilanculos aqueduct. Seven insertion flow meters (LCF), equipped with an analogic pressure transducer, were installed during the missions (Figs. 8 and 9) at the outlet of each one of the four tanks and at critical points of the network. Three analogic pressure transducers were also installed in the network.
It is important to ensure continuous collection of needed data from each measuring point. To achieve this purpose, each installation was supplied with a data logger (XiLog+, Fig. 10 ). The data recorder was programmed for transmission every 15 minutes, using a sim-card transceiver for GPRS network communications. Thus it was possible to transmit the recorded signal, from Mozambique to Italy, daily.
An appropriate water network data management software was adopted to elaborate data.
Real-time flow and pressure trend visualizations are useful tools to evaluate the consequences of performed regulations at storage level and valve opening maneuvers. An example of pressure variation and valve opening is shown in Fig. 11 .
It is possible to observe how a maneuver performed at a tank (such as the opening of a valve) or changes in network settings at some nodes can modify the pressure value inside the network. For each measuring point, an evaluation of measured flow and pressure is made. According to these evaluations, actions are adopted in the form of interventions (see also section 3.2 Water distribution model). During in-situ inspections, Brescia University personnel evaluated possible changes to network settings, together with the local operators, observing the effect of new maneuvers in real-time.
The transmission via GPRS was interrupted in June 2014 and the activity of network monitoring has been transferred to EMA. In practice, operators of the water system now possess a modern technology to check the consequences of their planned operations and to search further network improvement.
Therefore, measurements of flows and pressures at each node allow continuous control of the whole system. The evaluation study includes practices like analysis of instant flow and pressure measurements, assessment of water balance, analysis of hydrodynamic pressures and a final rating of operator management practices.
Results and Discussion

Consumption Analysis and Water Balance
All available data about monthly consumption recorded by EMA and fed water volume between 2009 and June 2014 were collected and carefully analysed.
Even though the existence of consumption records, periodic quantification of water volume drawn from the wells and injected into the network is problematic due to many shortcomings related to data registration and management.
The availability of data, compared with the values recorded by flow and pressure instruments, has allowed to estimate a water balance and quantify network losses.
Water balance is assessed monthly as well as annually (from 2009 to 2013, Fig. 12 ).
It is easy to notice the Non-Revenue Water (NRW according to the IWA International Water Association terminology) [1] There is direct proportionality between the number of failures and pressure in the pipe. However, higher frequency of failures and water leaks are very closely related not only to pressure in the pipeline butespeciallyto large pressure oscillation. The most ideal situation is to know minimum and maximum pressures for each node, analyzing those with the largest difference of the latter with the earlier; an outburst is probably located in the nodes where there is a great difference.
The number of water network customers is continuously increasing, from 1,420 users in January 2009 to 2,936 users in April 2014. 
Water Distribution Model
The water distribution model has been implemented at Brescia University through collected information and activities carried out during the missions.
The Water cad distribution model is based on the international well known code Epanet developed by the Environmental Protection Agency of United States of America [6] . It is an effective tool to ascertain reliability and efficiency of proposed technical solutions.
The collected data (pipe diameters, valves, tanks) are all needed to implement a simulation water treatment hydrodynamic model. The model simulates the main water network: pipes with nominal diameter equal to or greater than 110 mm and few pipes with 90 mm are put in (Fig. 15) .
More information about the water network, such as collocation of all users in the districts, pumps (type and flow), water losses distribution and demand curve are not available so it is difficult to obtain a precise calibrated model.
Looking at the existing data, customers could not be identified according to the coordinates and, therefore, invoiced consumption was equally distributed between the district nodes.
Moreover each well-pump system is replaced with a node (source node), because the characteristic curve of pumps as well as the static and dynamic level of wells are unknown. A negative demand, equal to the rate of pumping [l/s], is assigned to every source node (seven source nodes in total) [6] .
The water losses are evenly distributed in the nodes having positive demand. However, the water losses belong to different types and each one of them, according to its nature, is characterized by different mechanisms of distribution .
The direct application of the method to the case study would be difficult, due to missing data.
During the month of April 2014 the Non-Revenue Water amounted to 24.570 m 3 without the contribution of overflow at the tanks. About the Real Losses, these are generally divided into the following three categories:
Background Leakage, represented by infiltration due to lack of tightness in the different types of joints and the cracks of small dimensions;
Reported Burst, or water leaks visible later as an "outcrop" at the surface of the loss or after an interruption of service;
Unreported Burst, i.e. those breaks that are not manifested through outcrops or deterioration in service and are therefore detectable only through research of losses [4, 7] .
Experiments performed by IWA indicated a minimum value of 20 [l/km/h] for Background Losses and a minimum value of 33 [l/km/h] for Background Losses in the connections [4, 7] . This minimum quantity is associated with efficient and well maintained networks characterized by an average pressure of 50 meters of water column. In our case the network conditions are far from optimum. Thus, by hypothesis, total Background Losses have been assumed equal to twice the minimum value indicated Empowering Conditions for Good Water Governance-a Sustainable Model:
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by the International Water Association (53 (l/km/h)): this contribution is evaluated per km of network. The Unauthorized Consumption, Instrument Errors, Unbilled Unmetered Consumption and Reported and Unreported Burst are divided equally between the nodes when there is a positive demand on the entire network (77 nodes), except the first ones that focus only in the Aeroporto district (11 nodes). According to the study about water loss management in Developing Countries the illegal connections are mainly concentrated in that district [2] .
The status of integrity of pipelines and users' connections is unknown, the relative contribution (Reported or Unreported Burst) is obtained by the difference between the total value of losses in April 2014 (24.570 m 3 ) and other contributions shown in Table 4 . The flow demand curve used in the model (Fig. 14) is different from the typical consumption curve, where the night consumption is determined as 2%-8% from the average real water consumption.
The water losses inserted in the nodes and the estimated demand curve have allowed to achieve good results, as shown in Fig. 16 . The water model was useful to pinpoint the causes of identified most critical water distribution problems, as tank overflows and critical areas with low pressure. In the northern periphery of the city, pressure reaches low values when the Mucoque and Vila de RTV tanks are closed (Fig. 17) . Actually they deliver water from 5 to 8 am and from 4 to 6 pm.
Furthermore, the outlet pipe from the Vila de RTV tank is connected to the 160 mm pipe coming from the Alto Macassa tank. The connection, shown in Fig. 18 , is characterized by a succession of diameter variations (in order 110-90-110-160 mm) resulting in significant losses of pressure in less than 200 meters of ducts.
It is necessary therefore to consider the adjustment and optimization of pressures, with improvements such as modifications of pipe diameters, as well as the use of pressure regulation valves in order to improve the pressure in the network. Several interventions were proposed and simulated using the Epanet model. The results and the comparison between former water network pressure and simulated conditions are shown in Fig. 19 .
The proposed interventions are:
(1) automatic on/off pump controls connected to the water level in the tanks to avoid tank overflows (n° 2);
(2) to extend the valve opening times of the Vila de RTV and Mucoque storage: from 4 am to 9 am and from 3 pm to 7 pm (n° 3); (3) make interventions to modify the pipe diameters near the Vila de RTV tank with 160 mm diameter in order to eliminate significant pressure drops (n° 4); (4) alternate opening times of the Vila de RTV and Mucoque valves, to pursue the objectives of continuity and pressure of the service (n° 5).
As shown in the graphic the problem of low pressure considerably increased but from 22 pm to 3 am the situation remained critical and the water supply (the continuity of the service) is not guaranteed.
However the hours with low pressure decreased from 16 hours to 5 hours, and as a result, client consumption could change and decrease at night with the proposed interventions.
The last intervention proved to be the best and it is composed of the first three interventions. As a result, the pressure was low only for five hours per day and the water supply is guaranteed for the rest of hours. In 24 hours there would be a total increase of 135% of pressure in network through simple provisions both in terms of initial investment and over-the-time maintenance.
Conclusions
Thanks to several on-site surveys, it was possible to draw a detailed and updated network map, now Main network deficiencies were identified and recovery actions have been proposed (i.e. water tank operation to increased network water pressure; automatic on/off pump controls connected to water levels in the tanks, restoration of dosing pumps for the automatic chlorination; interventions to modify some sections of the network).
In synergy with Acque del Chiampo, Brescia University and EMA, strategies to solve the identified critical issues are currently under development using this water distribution model.
Measuring instruments for flow rate and pressure gave the possibility to observe real-time effects caused by maneuvers and to improve network performance and water supply.
A software is now available to register bills and payments and enable both final users and the water service company to view their balance at any given time. The software reduces data handling and billing errors.
The construction of an analysis laboratory for bacteriological and chemical water quality monitoring is now in progress (Fig. 2) . improvement of speed and quality of repairs. The activities described constitute a basis of primary importance for developing the managerial capacity. For the next steps of the project, training activities will be carried out by Acque del Chiampo and University of Brescia technicians towards local staff, with real application of tools and identified solutions. Subsequently, an improved water policy program will be created (i.e. the proposal of a plan for efficiency and functionality of infrastructures) that will be provided to EMA and the Vilanculos Municipality.
Regular water balance evaluation in the network, with a continuous analysis of flow and pressure measurements and proposed interventions, is the basis to improving water service. Such a systematic approach, which also involves both technical and managerial actions, consequently ensures sustainability of water services, effective reduction of water losses and improvement of sanitary conditions of the Vilanculos population.
